function was studied in larval Ambystoma gracile and Dicamptodon ensatus exposed to several osmoh&ties. Clearance methods were employed in free-swimming larvae using inulin as a GFR marker. GFR, as calculated from the rate of appearance of inulin in the bath, declined from 0.113 to 0.023 ml/10 g-h (A. g racile) and from 0.166 to 0.006 nil/10 g-h (D. ensatus) between 2 mosM (tap water) and 300 mosM (sucrose).
In experiments involving urine collection (A. gracile), urine flow . decreased from 0.078 in controls to 0.018 ml/10 g-h in the ZOOmosM group while GFR decreased from 0.104 to 0.028 ml/l 0 g-h.
The latency for the reduction in GFR is about 2 h; however, the return to normal GFR after return to tap water takes about 6 h. Fractional reabsorption of water increased from 25 to 37a/, in the ZOO-mosM group, while fractional reabsorption of Na+, K+, and Cl-decreased slightly.
The The animals were maintained at 15 & 1 OC in deehlorinated tap water and remained in the laboratory for at least 1 wk before use. Some of the animals were fed raw beef heart; feeding was suspended 2 wk before use of the animals. A further indication of control of urine production is by pumping the water through a coil located in the well of a NaI crystal. This detector was used in conjunction with a provided by the results of studies of survival of adult frogs rate meter connected to a potentiometric recorder. (6, 14, 15) or larval urodeles ( 10, 12) in solutions which apCalculation of glomerular jltration rate from rate of in&in expreach the solute concentration of their body fluids. Howcretion into bath. In aquatic animals which do not drink and ever with one exception (6) the osmotic load has been adwhich excrete inulin through the kidney only, the glomerujusted with electrolytes and the animals have become "salt lar filtration rate (GFR) is the ratio of the rate of loss of inulin to the bath divided by the mean plasma concentration of inulin during the experimental period (2, 10, 12, 16 After specified intervals they were killed and the inulin space was calculated as:
where: S = the inulin space, ml; T = total inulin injected, disintegrations per minute (dpm); E = inulin excreted, dpm; P = plasma inulin concentration, dpm/ml. A regression line of inulin space as a function of time was then computed for each species.
The mean plasma concentration of inulin during the clearance period was calculated from the relationship:
2 where: P = mean plasma inulin concentration during the clearance period, dpm/ml; Pf = plasma inulin concentration at the end of the clearance period, dpm/ml; So = inulin space at the beginning of the clearance period, ml; Sf = inulin space at the end of the clearance period, ml; E= amount of inulin excreted during the clearance period, dpm. The calculated mean plasma inulin concentration was usually lo-20 5% higher than the terminal plasma inulin concentration.
The Urine was collected in bags prepared in the following way. A clean condom with the tip cut out was drawn over the head and forelimbs of each animal and tied in place anterior to the pelvic girdle. Another hole was made so that the tail of the animal could pass out of the bag. The ba ,g was then seal .ed around the tail with a second ligature. At this point fluid from the cloaca would drain into the bag located ventral to the cloaca. The bag was closed with a third ligature and the animal was pIaced in the bath. Animals placed in 200 mosM sucrose were allowed to equilibrate for 4 h before attaching the bags. After 6-12 h, the urine in the bags was transferred to a tared vial and weighed. A plasma sample was taken from each animal.
The bath was monitored for radioactivity to detect leakage of urine from the bags.
To determine the extent of urinary water absorption by the skin, bags were tied to the midsections of animals in such a way that their cloacae did not open into the bags. A solution containing the same total solute concentration as urine (20 mosM sucrose) and a known concentration of inulin was then placed in the bag. The ratio of final (12 h (--a-) .
Each point is a single animal. with the number of animals in parentheses. Significance of differences was assessed with the Student t distribution.
RESULTS
Frequency of urination. To determine if retention of urine in the bladder is significant the frequency of urination was studied in four larval and one adult A. gracile. Twenty-four hours after injection with 2 PCi of sodium 22 we transferred each animal to 25 ml of tap water and monitored the rate of appearance of **Na in the bath continuously. Representative results from one larva and the adult are given in Fig. 1 . The curve relating **Na activity to time was nearly linear in larvae reflecting little storage of urine. In contrast, the stepwise pattern of the adult suggests storage of urine in their bladders with intermittent urination. Inulin s-ace. Figure 2 shows the change in inulin spaces with time in A. gracile and Il. ensatus. The inulin space declined at first, reached a minimum at 6-18 h, and then slowly increased.
The time required to reach the minimum space is the time to reach uniform distribution of inulin, about 12 h for A. gracile and 18 h for D. ensatus. Between 18 and 60 h the inulin space of Il. ensatus increased at the rate of 0.02 1 ml/ 10 g-h, whereas the inulin space of A. gracile increased at the rate of 0.016 ml/ 10 g-h between 12 and 30 h and then remained essentially constant for the next 30 h. Extrapolating these curves to zero time gives an estimate of extracellular volume (24) which is 2.3 ml/ 10 g for 11. ensatus and 3.2 ml/ 10 g for A. gracile. Published values for extracellular volume in urodeles (sucrose space) range from 2.18 ml/ 10 g in Amphiuma means tridactylum to 2.41 ml/ 10 g in Xecturus maculosus (24). 0 ur value for A. gracile is high for reasons which are unknown. We could regularly obtain larger blood samples from A. gracile than from I). ensatus of comparable size. Free--ow determination of GFR. Table  1 shows the GFR values for larvae in tap water under free-flow conditions. Seasonal and species differences are evident. The GFR of A. gracile in the winter was about 50 % of the values measured in other parts of the year (P < 0.025). The GFR for "spring-fall" D. ensatus is higher than for spring-fall A. gracile (P < 0.05). Figure  3 illustrates the effect of external osmolality on GFR in the two species. The A. gracile investigated during spring through fall decrease their GFR linearly over the range of 2-300 mosM sucrose. Winter A. gracile have a depressed GFR in tap water which does not fall lower until the medium becomes hyperosmotic (300 mosM). Il. ensatus (spring-fall) also show a decrease in GFR as the osmolality of the bathing solution rises. However, the decrease is more precipitous than in A. gracile up to the isosmotic concentration (about 200 mosM, see Table  3 ), and then levels off between 200 and 300 mosM.
The decrease in GFR occurs a few hours after the increase in external osmolality.
To better establish the duration of this latency the bath was sampled at short intervals after bringing the osmolality to 200 mosM. Figure 4A shows that the GFR falls after 2 h. Between adding the sucrose and the onset of the reduced GFR the 11. ensatus group increased their GFR slightly. This may reflect excitation of the animals while the sucrose was being added.
In another experiment, designed to measure the time required for the GFR to return to normal after animals are returned to tap water, filtration rates of larvae exposed to 200 mosM sucrose were measured over several hours, whereupon the sucrose solution was replaced by tap water. Approximately 5-6 h later the mean inulin clearance increased (Fig. 4B) . The large standard errors after the return of 1). ensatus to tap water indicate the variability seen in both the GFR and the latency.
Of seven larvae, three showed no increase until after the termination of hourly samples (12 h) and thus their latencies cannot be evaluated. Of the others, one responded after 4 h, two after 5 h, and one after 6 h. The return to normal GFR in A. gracile was more uniform, and is complete between 6 and 8 h after the elevation in osmotic load. Regardless of the exact recovery time, it is clear that a significantly longer time is required for the GFR to return to normal after increasing the osmotic gradient than for the onset of the decreased GFR on decreasing the osmotic gradient.
Renal tubular function. To determine if these animals excreted urine into the collection bags at a steady rate, we D. F. STIFFLER AND R. H. ALVARADO removed the bags and checked for urine after 6, 12, and 18 h (separate animals).
The accumulation of urine was linear with time, yielding a slope of 0.064 ml/10 g-h and an intercept of 0.10 ml/10 g. The y intercept was not significantly different from zero (P > 0.5). The bags remained in place for 12 h or less in the experiments reported below. The collection and analysis of urine from the bags enabled us to evaluate tubular and glomerular components of excretion.
Since the urine was collected from the cloaca and not from the ureters, it is possible that it was modified by the bladder and/or the cloaca, especially during low urine flow. Although this possibility cannot be ruled out, we have not observed unusually high inulin U/P values when urine was forced to accumulate in the bladders of larvae in tap water or 200 mosM sucrose (23). Table 2 Table 4 presents the absolute and fractional reabsorption of water and various ions for A. gracile in tap water and ZOO mosM sucrose. Although the absolute rate of water reabsorption in 200 mosM sucrose was less than one-half that in tap water, the fractional reabsorption increased from 25 to 37 C(l (P < 0.05). The absolute rate of reabsorption of sodium, potassium, and chloride also declined; and fractional ion reabsorption decreased. The relationship between absolute Nat-and Cl-reabsorption and GFR are given in Fig. 5 . As the GFR decreased, the absolute reabsorption of the ions decreased linearly.
DISCUSSION
Previously published values for the GFR of larval urodeles measured by the free-flow method range from 0.08 (12) to 0.33 ml/ 10 g-h (16). Our values for spring-fall larvae of ,4. gracile and D. ensatus fall between these extremes. Discrepancies reflect species, methodological, and seasonal differences in the studies. We observed species differences. The GFR of A. gracile is significantly lower than that of I>. ensatus for animals of similar weight and measured under comparable conditions. Methodological differences probably account for the major share of the differences. out the year. Adult toads (Bufo arenarum) also have a lower GFR in winter (25). Curiously, in Necturus, reabsorption of water is higher in winter than in summer but the GFR is the same (5, 11) .
In amphibians the GFR is apparently an important physiological variable.
The most significant observation of this study is that the GFR can be changed relatively rapidly by simply altering the osmotic load on the animals. Adult Xenopus Zaevis also reduce their GFR when the osmotic load is reduced by addition of mannitol to the bath (6). However, the time course of the response was not given. Curiously, no change in GFR was observed in adult Rana esculenta on addition of electrolytes to the bath (14), and in Rana cancrivora the GFR remains quite high in 200 mosM saline; however, urine flow is reduced by an increased tubular reabsorption of water (21) 20-25 '/L (30) . In micropuncture studies the U/P ratios for inulin or creatinine usually approach 2, whereas in intact ambystomatids the value is usually less than 1.5 and may approach unity (I 2). In larval A. grade (tap water) 92 % of filtered Na+ is reabsorbed.
A value of 95 5; has been reported for Necturus using clearance methods (3) and 90 % using micropuncture (30). Our values for fractional reabsorption of K+ and Clare also very close to those obtained by micropuncture (4, w* The increase in the absolute reabsorption rate of Na+ and Cl-as GFR increases probably reflects glomerulotubular balance, although glomerular intermittency may also be involved (see ref. 20) . The mechanism of glomerulotubular balance is not known, but recent studies have focused on oncotic and hydrostatic pressures of the peritubular capillary blood (13). Virtually all of these studies have been on mammals which normally maintain their GFR nearly constant. Consequently, to change the GFR it is necessary to clamp renal arteries, veins, or the ureters. In salamanders the GFR can be "set" by simply adjusting the osmotic concentration of the bath, which should make them well suited for studies of this type.
Freshwater animals must balance the ingress and egress of water and yet maintain their body fluids hyperosmotic to the external environment. This balance is maintained, in part, by adjusting the rate of urine flow to match the uptake
